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2 1ecOvery and Range Test of 3U15 AA Projectiles in
3"15/67 Caliber Gtu, Type A Mod 0 Serial Y!o.

- - -- - -- -- - - - -- - - - - - - - - -

PART A

SYNOPSIS V

1. A 3V15/67 barrel, Type A Mod 0, and 3.15 AA Projectiles Type
EX 1 Mod O were subjected to recovery and ranging tests. This
barrel and projectile were designed as possible replacements for
the 3"/70 barrel and projectile in 3"/70 gun systems, in view of
difficulties experienced in the development of the latter.

2. The 3"15/67 barrel - projectile combination performed vety
satisfactorily, as judged by both recovery and ranging tests. The
mean corrected D/R for twenty (20) 5-round groups was 0.371.

3. The performance supports the hypothesis that difficulties with
the 3"/70 barrel - projectile combinations which have been mani-
fested in low accuracyt body engraving, and spiral wear, are
ultimately due to band failrre caused by the relatively large ratio
of band diameter to body diameter necessary in the 3"/70 design.

4. Preliminary tets&of- nylon rotating bands for the 3"15 projectile
indicate that a vrkable design employing this material should not
be a difficult problem.

5. It is recommended that the 3915/67 barrel used in these tests
be fired for at least 1000 rounds to obtain additional data and
information on wear characteristics of the gun. At the end of this
program, recovery tests should be fired v.th projectiles having
standard and shortened rotating bands.
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COIFIDEMTIAL VPG REPORT NO. 1122

Recovery and Range Test of 3M AA Projcctiles in
3V15/67 Calibor Gun, Type A Lc 0 3 -ia! No. 1

PART B

INTRODUCTIO N

1. AUTHORITY:

This program was authorized by references (a) (b), c) and (d)
and conducted under Task Assignments NPG-Re5a-21-1 -52 and NPG-Ro'a-
21-1-53.

2. REFERElNCES:

a. BORD Conf ltr NP9 Rc5a-FBT7:cmj Ser 24896 of 27 Aug 195.
to NGF and NIAVPROV

b. BUORD Conf ltr NP9 Ro5a-JHM:cmj Sor 38482 of 29 Apr 1952
to NGF and IAVPR0V

a. BUORD Conf ltr S74-1(3") Ro5o-EOSsllh Sor 47851 of
18 Nov 1952 to NGF and NAVPROV

d. BUORD Conf ltr Rc5a-FBW:fl TP9 of 3 Jul '.952
e. BUORD Conf ltr Ro5a-FBI':cmj ScT 18945 of 3 Apr 1951 to NGF
f. F0NMCON botween BUORD (Mr. Weathcrsboo, Re5a and NAVPROV

(LCDR W . B. Robertson) of 17 Mar 1952
g. BUORD Conf ltr Ro5e-EOS:llh Scr 49062 of 12 Doc 1952 to

NOF and NAVPROV
h. FONECON botweon NAVPROV (r. R. B. Butler) and BUORD

(lir. e. 0. Stoxigard Ro5o) of 8 Doc 1952
i. BUORD Sk 2r2310, 3"15/67 Gun Barrel and Chamber Details
j. BUORD Sk 328618, 3V15 AA Projectile Type X 1 flod 0
ko BUORD Sk 238911 Dummy Nose Plug
1. TPG Ranging Data Shoat No. 1 of 12 Aug 1952
me 1PG Ranging Datn Shoot No. 2 of 16 Jan 1953
n. NPG Report No. 896 of 29 Nov 1951

CONFIDEIRTIAL
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CONFIDENTIAL TJG REPORT NO. 1122

fRec~very and Range Test of 3"15 AA rro.'-ctilog in
3U.15/67 Caliber Gun, Type A h1od 0 Se-rial No. 1

3. BACKGROUND:

Tho 3"/70 gun program throughout its course has boon plagued
with difficulties the most crucial of which have boon a strong
tendency tova±rd b -d piral wear of the barrel and a tendency toward
poor accuracy. The belief has prevailed in some quarters, particu-
larly at the Naval Proving Ground, that the basic cause of these
difficulties ms the unusually large diameter of the 3"/70 rotating
band, as compared rith the body diameter of the projectile and that
consequent band failure in the barrel at high velocity proauced the
observed phenomena.

Based on this hypothesis, the Bureau of Ordnance evolved the
idea that a relatively small increase in projectile diameter
without a change'in band diamete,, vrould eliminate this possible
cause of trouble. Such a projectile could be fired from a standard
3"/70 barrel bored to a slightly larger diameter, using the sam
cartridge case and other ammunition components as the 3"/70 gun.
Furthermore if the weight of the projectile were kept constant at
15 pounds, the increase in diameter 1,ould permit a corresponding
decrease in longth, which would increase the stability of the pro-
jecile in flighit. Other advantagos would be that given the same
fuze intrusion into the cavity as for the 3"/70, ?he larger pro-
jectile would permit loading more expld-ive around the fuze, which
would tend to improve the fragmentation characteristics; andz that
the larger basal area of the modified projectile would permit 6
decrease of thi sorvico pressure r'ithout sacrifice of velocity.

As a result of these considerations, one (1) 3V15 gun barrel
Typo A Mod 0 and a supply of projectiles (EX-I 1.6od O) oro dosigned
and manufactured for experimental testing.

4. OBJECT OF TEST:

This test was conducted to obtain information on the performance
of the 3V15/67 barrel - projectile combination as determined from
recovery and range firings. A small number of rounds with ftylon
rotating bands woro also fired to obtain design information.

5. PERIOD OF TEST:

a. Datos of Directives 27 August 1.051
29 April 1952

b. Date Test Commenced 25 March 1,2
c, Date Tost Completed 16 January 1953

CONFIDENTIAL
SECURITY !IH 7O21,ATION 4



CONFIDENTIAL N.G RflPOlRT NO. 1122

flec~vory and Range Test of 315 AA Prosctiles in
3V15/67 Caliber Gun, T-pe A iod 0 ",e:'al No. 1

DETAILS OF TEST

6. DESCRIPTION OF ITEMS UNDER TI"ST:

a. Gun: The 315/67 gun barrel Type A Mod 0 Serial 'No. I
manufactured in accordance with reference (e) has unifor depth-
rifling similar in contour to that in the 3"/30 barrel Type G Mod 8.
The bore diameter is 3V15 and the groove diameter 3'V24. The chambei'
is also the same as in the Type G Mod 8 barrel except that the length
from breech f&ce to forward edge of the shell centering cylinder was
changed to 25"567 and the origin of bore located 3,O forward of this
position. These two (2) points are connected by a 37V5 radius
tangent at the origin of bore. The bore and chamber are unplatod.
The exterior and breach face of the barrel are also the same as the
Typo G Fod 8 barrel. The twi.st is 1 turn in 23.8 calibers or One (1)
turn in 75 incheso- Thb rifling of the 3"/70 gun Type G hlod 8 also
makes one (1) turn in 75 inches. By reforonco (a), proof pressure
in this aun was sot at 25 t.s.i.

b. Projectiles:

(1) 3'15 AA Projectile Typo EX 1 Nod 0 in accordance with
referonce (j), (Figures I and 28), loaded to 15 pounds total veight.

(2) 3V15 AA Projectilo Typo aE 1 Mod 0 modified Typo A,
Figure 29, and modified Typo B, Figure 30, loaded to 15 potunds total
weight,

(3) 3V15 AA Projectile Typo EX 1 Mod 0 modified with ti,o (2)
'.75 nylon bands (FIigures IA and 32), loaded to 14.32 pounds total
weight.

All projectiles wore Epsom salts loaded and those fired
for recovory voro fitted wIth flat dummy nose plugs (Figure 13).
All others voro fired with standard pointed dummy nose plugs (refer-
once (k)). The difference in weight between the nylon-banded and
the standard projectiles represents the difference in weight botwon
their bands.

CONFIDENTIAL
SECURITY I170UIO1ATION



CONFIDENTIAL NPG 'PORT NO. 1122

Rccovcry and Range Test of 3215 AL Proe-ctiles in
39l5/67-Calibor Gun, Type A aod 0 Scrial No. 1

7. PROCEDYE AND RESULTS:

a. The first firing conducted in this gun ras a combination of
tho proof of the gun and a recovery firing test. Six (6) 3"15
Projectiles Typo EX 1 Mod 0 were fired in this testa Spin was
determined by the wire impression method (Appendix (D)), and recovery
was in sawidusto. Before inert loading, the projectiles iere measured
in the cavity under the bands, for comparison with after recovery
firing measurements, to chock deformation resulting from band prosm
sure. The data for the proof firing are included as Table I and for
the recovery firng-as Table IV (Appendix (A)). Photographs of the
recovered rounds are included as Figures 2 to 6 (inclusive). The
band engraviig was excellent for all rounds with no apparent fringing
or band wear. All rounds acquired full spin and the deformation
under the band was -O"007 for the round with the maximum pressure
(25 t.s.i.). Flight to the recovery bin was excellent.

The gun was then returned to the Naval Gun Factory for
complete post-proof examination, star gauging and bore photography.

b. The Bureau of Ordnance requested in reference (b) that a
charge be established for this gun-projectile combination, with
powder index IIPC-I, at a muzzle velocity of 3400 ft./sec., Twelve
12) rounds w,'re inert loaded and fitted Yrith standard nose plugs

for this test. The mean of a five (51 round uniformity check vith
9.75 pound powder charge gave a velocity of 3411*9 ft./sec, and

a crusher gauge pressure of 19.0 A 0.4 t.s.i. Detailed data are
included as Table II.

The l PC-l potwder, tested in 3"/70 guns, had given lar'go
velocity variations and reference (c) requested that a charge deter-
mination be fired with EX 6802 powder. Ton (10) Typo EX 1 I.od 0
rounds wero fired. The mean of a five (5) round uniformity chock
with a charg6 of'9.60 pounds gave 3402 * 4 ft./see, velocity and
19.6 6 0.2 t.s.i. (moan of 4 rounds) prossuro. Detailed data are
included bs Table III (Appendix (A)). This was bettor uniformity
than with HKPC-l povder, but because the quantity of X 6802 on hand
was insufficient, it vas not used in the subsequent range tests
(reference (g)). Photographs of the recovered projectiles are
included as Figures 21-25 (incl).

CONFIDENTIAL
SECURITY IOPOfLAATION 6



CONFIDENTIAL NPG REPORT Y0. £122

Rocovery and Range Tcst of 3V15 AA Projoctilos in
3915/67 Caliber Gun, Typo A Mod O S3rial No. 1

c. The standard EX 1 Uod 0 projectile appeared to have more
working metal in its bands than necessary (volume of metal above
3915 diameter 0.617 cu.in.) and reference (b) requested the Naval
Proving GrounA to reduce the working metal and fire a recovery
program for band study. Two (2) modifications were tested; Type A
with 50 c..in, and Type B with .578 cu.in, of working metal.
These modifications consisted of shortening the length of the cylin-
drical part of the tv'o (2) bands. (See Figures 29 and 30) Five
(5) rounds of each modified type and four 4) of the unmodified
projectiles were fired for recovery in this test. The detailed
results are given in Table V (Appendix (A)) and photographs of the
recovered projectiles are shown in Figures 7 to 20. All rounds had
full spin no yai, and Tood band engraving without sign of fringing
or appreciable band wear. Doformation under the bands was small for
all three (3) types, being of course smaller for the shortened bands.
No other difference was observed botween the shortened and standard
bands-.

d. Ono (1) each of the throe (3) typos of projectile described
above was crimped in a stool case, with a hand-rollod 3606 crimp,
for a dobu1lloting test* Lator, after modification of a 31/70 rubber-
hydraulic crimping machine to also accommodate 3V15 projectiles one
(1) round each was crimped in this manncr for a similar test. fho
bullet pull forces are shorn in Table VII (Appendix (A)), and run
from 99000 to 12 ,000 pounds.

e. Sovon (7) nylon-banded 3'J15 projectiles wore propared in
accordance with Figure 32, using for the two (2) 3/4 bands nylon
rings (Figure 31) which had boon procured for usc on 3" projectilos.
Those projectilos wore hand-crimped in stool cases Tdth the mouth
of the case flish with the forwiard edge of the foriard band, and
fired for recovery. Detailed data are given in Table VI (Appen-
dix (A)) and typical photographs of the rocovored projoctiles arc
shovm in Figures 26 and 27. This rather improvised test gAvo
encouraging results as full spin without yaw was attained. Only
one (1) projectile retained one (1) of its bands upon recovery but
this Yms not unoxpoctod as a morc secure attachment is roquire to
retain nylon band than was possible in this test.

CONFIDENTIAL
SECURITY IflFO}.ATION 7
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Recovery and Range Test of 3."5 AA Projectiles inV
315/67 Caliber Gun, Tpo A Lod ; --ial No.1

l - - - - - - - -m - a -m a a - - -- - - - - - - - - --- -

f. Tho detailod-reults for the two (2) 50 round ranging pro-
grams, fired Tith standard X 1 11od 0 projectiles, :orc reported in
reforoncos (1) and (i). Summaries of thcse are shorrn in Tables VIII
and IX (Appendix (A)). The average corrected D/R (5-round groups)
for the first ranging program was 0.33%; for the second 0.41%.

go Star gauge readings on the gun at several stages in the tests
are included in Appendix (C). After 156 ESR there is no enlargement
of the lands but the grooves are worn by 0U.'02 - 0'O04 throughout
the length o the bore. (Measurement after decoppering could increase
both of these figures slightly.)

8. DISCUSSION:

The performance-"1'the 3'.15 barrel-projectile combination is
considered to be most promising and should receive serioub consider-
ation as a replacement for the i"/70 barrel and projectile.

The appearance of the recovered projectiles indicated very
satisfactory fnctioning of the bands, as regards to riear a nd
centerin, vrith the possibility that there may bo moro length of
band than necessary. Spin was full there was no body ongraving,
and the deformation of the projectile wall under the bands vas small.
The flight tests indicated very good ac-mracy. No 3"/70 barrol i4th
twist as loii as 1/25 has over shovn goo range accurzacy, except for
tho barrol fired vith projectiles having an unconvcntional iron
rotating band (reference (n)).

The fact that bands of shorter length showod as gond behavior in
the recovery firing as bands of full length may indicate that the band
length on the 305 projectile can be safely reduced, but firings in
a trorn gun iould be necessary bofore a definite conclusion could be
roached.

The test rrith nylon'bands indicated feasibility of a band design
employing this materials No difficulty is anticipated in designing
a band to obturate, impart spin, and be retained in flight; in fact,
it is felt that the major pro'lem rith such a design might well be
the development of a sufficiently strong case attachment. There
would be little use, however, of initiating such a development until
rapid-firm testing of the design became possible.

CONFIDENTIAL
SECU&IITY I 11YOIVATION 8



CONFIDENTIAL NPG REPORT 140. 1122

Recovery and Range Test of 315 AA Pro'cctiles in
- m 3"15/67 Caliber Gun, Type A 1"od 0 S':ia! io. 1

- " gam - M M -:* . . . .-

The groove rear observed in the gun is not surprising, 6onsider-
ing that the diameter of the major portion of the band is 3240 -
O.O05, that the groove diameter at first gauging was 32241, and that
the deformation of the projectile under the band would increase the
gap by another 0V005, approximately. Apparently the narrow high lip
of this band acting alone does not furnish sufficient obturatibn at
the bottom of the grooves. A decrease in groove diameter to 3V23 or
3V.22 should be sufficient to correct this behavior, however.

CONCLUSIONS

9. It is concluded that:

a. The 3115/67 barrel-projectile combination performed very
satisfactorily, as judged by both rocovory and ranging testb. The
moan corrected D/R for twenty (20) 5-round groups Vas 0.37%.

b. The porformance supports the hypothosis that difficulties
with the 3"/70 barrol-projectilo combi.-tion, which have'\boon mani-
fasted in lor accuracy, body engraving, and spiral wear, are
ultimately dno to band failuro caused by the relatively largo ratio
of band diamotor to body diameter necessary in the 3"/70 design.

c. Preliminary tests of nylon rotating bands for the 3V15 pro-
joctilo indicate that aworkablo design employing this material
should not be a difficult problem.

PAflT-3

RlECO1IM.NDATIONS

10. It is j.ocommondod that the 3V115/67 barrel used in those tests be
fired for at least 1000 rounds, to obtain more range data and infor-
mation on Toar characteristics of the guns At the ond of this program,
recovery tests should be fired with projectiles having standard and
shortonod rotatLngJ, ands.

CONIFIDENTIAJ
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Roc~vory and Rango Tost of 3J15 AA Procetiles in
3V15/67 Calibor Gun, Typo A Hod 0 S3rial No. 1
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FINNG REORT IAL NOVlNS 'ou ,. Oi R. ...
Nc,--, DANLR(N, Va. OTF Dr- 1h'v:( I-i I _ All/5OO1- 1

F1 on: Commander, Naval Provln# fro .- -- .4 , -

To: Chief of the lureav of Ordnance 8 April 1952

-ubject, Pr"of 3.15/67 Inch Gun Barrel Type A Mod O No. 1

Pa.,,ene, BUORD ltr. Re~aq-FBWtcmj Ser 24896 of 27 August 1951
Fool" wFF ICCE

R. D. Cromwell USN

IT MAKER MARK moo NUMER ,

GUN NOF A 1 1

NOF Previously Proved 1- 3 486

M OUNT PreviouslvP rved 2 -- ---

Rhode Island Arspnal
, P reviously Prove a 21 8 350o7

• i flI~AG NOF Proviously Proved 25 24 4220

STAND NOF Previously Proved 14 9 h095,

HYDRAULIC,

d SHELL ELEVO RECOIL C. R. CHARGE POWDER PRESSURE VELOCITY NOW FIRED
. StATING LOS. OMS. DESIGNATION TEMP. P

'case 00 91'25 Full 9.0 -- HK- 9001 15.4 3128-
" 917- It I00 -- "" 18, 8 34632 inL M  21Zi Li- i_ _

3 97--- 17 22.2 3603

' "9P75 " 11.2 -- " . 3760
it , oo , t ,,k.0 it : 1L4 1" 25.. 379
, ,, 91175 it 10.4 ... i-,,, 21.4 3056 6

7

I

III0

6ATS of TilT DAT5 Of 51dml PRIVIUI ROUND$

25 Maroh 1952 13 February 1952 0
1OUNS SwI" Tl Ti' TTAL 4OUNDS Ol ITAT ION

6 ACTU4L 6 9OU0V. S.

NOF (12) IRVING T. DUKE

R. T. RUMLE

By direction APPENDIX (A)
IO~l ll n lln Plln ',i li lll II I HIIII I[I I I IIII[il t i*I94 - *



CONFIDENTIAL INPG R PORT NO. 1122

Recovery and Range Test of 3"15 AA Projectiles in
3'15/67 Caliber Gun, Type A o C ae-i No. 1

1 - -- -- -- -- ----- ---------------- -- -- --

TABLE II

HAREETERMINATION FO 1"15/67 CALIpER GUN HKPC-.

GUN FIRING CONDIT-ONSi-

Guns Type A Mod 0 No. 1
Projeotiless EX 1 Mod 0 (15.00 lbs.) Epsom Salts loaded
Case: Ex. No. 5 bteel, Rubber Crimped
Primers Nk 46 (XC-rI1)
Wad and Spacers Cardboard , NGF Dwg. No. 132664, Pc. Nos. 13 and 4
Powders HKPC-I
Lead Foils None
Temperatures 90OF

CHARGE DETERMINATIONs

Rd. Charge PPD Velocity Pressure Flash Smoke

1(a) 9.00 4,3 3206 16.4 0 1502 if
23242 15.9 0 150

3 3228 16.3 0 150
4 3256 16.4 0 150

Mean of 3 rounds 3242*14 16.2*0.2
9 50 2,5 3355 19.0 0 150

6 9.75 2.1 3427 20.0 0 150
3417 18.9 0 150
3405 18.6 0 150

9 "3396 18.7 0 150
10 3411 19.0 0 150

Mean of 5 rounds 3411*9 19.0*0.4
11 10.00 2.1 3475 20.5 0 150
12 9.00 4.3 3239 16.1 0 150

(a) Conditioning round - not used.

UNIFORMITs .

PPD Velocity Pressure No. of
lb j~g)=2p*e s~g,) Ed-s.,

9.00 4.3 3242*14 16.2*0.2 3
9.75 2.1------ 3411*9 19.0&0.4

Charge obtained for 3400 ft./see.

Charge Velocity Pressure
(lbs.) (ft./sec.) (tosi*)

9.70 3400 18.80



Recovery and Ranfrn Test of 3'.15 AA 1ro)(ctiles in
3 "15/67 Caliber Gun, Type A Llod 0 u  No. 1

CHARGE DETERFZNATION FOR 1"15/67 CALIBER -GUI - EX-6802

GUN FIRING CONDITIONSI

Guns 3'I5/67 Caliber Type A, Hod 0 No. 1
Projectiles EX 1 Mod 0 (15.60 lbs.) Epsom Sats Loaded
Case: MAk 109 Steel Rubber Crimped'
Primers m 46 (XC-MlI)
Wad and Spacers Cardboard, NGF Dwg. 132664, rc. Nos. 13 and 4
Powders EX-6802
Lead Foils None
Powder Temp.: 90@F
Dates 12-22-52

CHARGE DETER11INATION:

Rd. Charge PPD Velocity Pressure
"o -Iin, (ft./sec.)

1 (a) 9.00...... 5.4 3197 16.7
2 9.00 5.4 3237 16.1
3 " " 3233 16.3

Mean of 2 9.00 5.4 3235*2 16.2*0.1
rounds
4 9.80 2.6 3466 20.
5 10.00 2.2 350 20.t
6 9.60 3.6 3408 19.6

9.60 " '404 19.3
9.60 1 9§

9 9.60 " 3391 19.710 9.60 i 3396 -
Mean of5 9.60 3.6 3402,4 19.6*0,2 (b)

rounds

(a) Cond itioning round
(b) Average of 4 rounds

UNIFORMITYs

Charge PPD Velocity Pressure No. of
Powder.  (lbs.) (n.) (ft./sec.) (t.s.i.) RAs.

EX-6802 9.00 5.4 3235*2 16.2*0.1 2
EX-6802 9.60 3,6 3402*4 19.6*0.2(b) 5
(b) Average of 4 rounds

RECOMMENDED CHARGE FOR 3400 FT./SEC. NOMINAL VELOCITYs

Charge PPD Pressure
ovider (Ibs.) Sin.) 99 3 1.

EX-6802 9.59 3.6 19.5
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CONFIDENTIAL NPG REPORT NO. 1122

Recovery and Range Test of 3V15 A'-a Projectiles in
3V15/67 Caliber Gun, Type a Miod 0 Serial No. 1

m em a ms s a m m e m s m m m s a- -m I e m I m m m m - -m -sms

TABLE VlII

DEULIET!NG T 'TS RESULT&

BUllet Dull (lbs.)
Hand Rubber -hydraulic

Prolectile Crimped Critmpe .

EX 1 Mod 0 12,080 11,820

EX 1 Mod 0 (A modification) 11,900 10,440

EX 1 Mod 0 (B modification) 11,340 9,260

CONFIDENTIAL
CJ 'CURITY INFORMATION APPENDIX A
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NP9..50939  25 March 1952 CONFIDENTIAL
SECURITY INFORMATION3115 AA Projectile Type EX 1 Mod 0 before firing.

Figure 1



NP9-51579 22 Decemrber 1952 COV P T DT11TAT,

3'-'1. A. projectile with two 0O-75 Nylon Band.s beforc 'Firlnr.
Firure 1A



NP9-5O9 1+O 25 March 1952 CONFIDENTIA
.SECURITY INFORMATIO

Three views (120 apart) of recovered 3'215 AA Projectile Type
EX 1 Mod 0. Projpctile NO. 1094+ (muzZle veocity 3128 ft/s~ce).

Figure 2 V'



NP9..5091+1 25 March 1952 CONFIDEN TIAL

SECURITY INFORMATION

Three views (12O0-apart) of recovered 3'15 AA Projectile Type

EX 1 Mod 0.-FP-oJectile No, 109)5 (muzzle velocity 31463 tt./sec.)

Figure 3



PIP9- 5091+2  25 March 1952 CONFIDENTIAL
SECURITY INFORMATIONThree views (1200 apart) of recovered 37215 AA Projectile TypeEX 1 Mod 0. Projectile No. 1097 (muzzle velocity 3760 f't./see.).

Figure 1+



NP9..50 91+3  25 Mnreh 1052 C(INFT)PENTTAL

Three views (1206 ntiirt) norrT'envvred 3'.'Pi A rrCUT cIttl \1 OMTpe
EX 1 Mod 0. Projectile No. 1098 AAizt plo~Y30 frj, t. Tyec)

F1 gire 5



NP9-5O94+1+ 25 March 1952 CONFIDENTIAL
SECURITY INFORMATION

Three views (1200 apart) of recovered 3'.15 AA Projectile Type
EX 1 Mod 0. Projectile No. 1099 (muzzle velocity 3566 ft./sec.),

Figure 6



- b

'NP9-5091+5 1 July 1952 CONFTDENTIAL
SECURITY INFORMATION

Three views (1206 apart) of recovered 3U15 AA Projectilp Type
EX 1 Mod 0. Projectile No. 1.1+08 (muzzle velocity 3326 ft./see.).

Figure 7



NP9- 5091+6 1 July 1952 CONFIDENTIAL
SECURTTY INFORMATION

Three views (120 apart) of recovered 3'.15 AA Projpctile Type
EX 1 Mod 0 (Type A Modificntion). Projectile No. 14+09 (muzzle
velocity 35~tsc) Figure 8



- 4

1P9-.091+ 1 July 1952 CONFIDENTIAL
SECURITY INFORMATIONThree views (10 apart) of recovred 3'15 AA Project-Ile TypeEX 1 Mod 0 (Type A Modification). Projeetlie No. 1410 (muzzlevelocity 3601 ft./sPC.).

Figure 9



14

W). 5094+8 1 July 1.952 COTIFTDENTTAL
SECURITY INFORMATION

Three views (1.200 apart) of' recovered 3'115 AA Projectile TypeEX 1 Mod 0 (Tyre B Modificatton). Projectile No. 13 (muzzle
velocity 3576 ft./see.).

Figure 10



NP9-5091+9 1 July 1952 CONFIDENTIAL
SECURITY INFORMATI ON

Three views (120* apart) of recovered 3U15 AA Projectle Type
EX I. Mod 0 (Type B Modification). Projectile No. 11+12 (muzzle
velocity :357 tt./sec.).

Figure 11



liP9-5o950 -- I July 1952 C(NFTDNTIAL
SECURITY INFORMATIONThree views (1200' apart) of recovered 3715 AA Projectile TypeEX . M d 0 Pr je tii No 11 13 ( nuzz P velocitY 3405 ft./sec.).

Figure 12



NP9-5O951 1 Jul y 19 52 CONFIDENTIAL
SECURITY INFORMATION

Three views (1200 apart) of recovered 3'15 AA Projectile tType
EX 1 Mod 0. Projectile No. 11-4) (muzzle velocity 3350 ft.sc)

Figure 13



L44

NP9_5O952 1 July 1952 CONFTDFRNTIAL
SECURITY INFORMATION

Three views (1P0* &art) of' recovered .31.115 AA Projectile Type

EX 1 Mod 0. Projectile No. 11+15 (muzzle velocity 3351+ ft./see.).
Figure 14+



NP9-5O953 1. July 1952 CONFIDENTIAI
SECURITY INFORMATIOV

Three views (1200 apart) of recovered 371-5 AA Projectile Type
EX I Mod 0 (Type A Modificati-on). Projectile No. 1'+16 (muzzle
velocity 3398 ft./see.)

Figure 15



NP9-5095+ 1 July 1952 CONFIDENTIAL
SECURITY INFORMATION

Three views (1200 apart) of recovered 37.15 AA Projectile Type
EX 1 Mod 0 (Type A Modification). Projectile No. 14+17 (muzzle
velocity 3361 ft./see.).

Figure 16



NP9-5O955 1 Jul y 19 52 CONFIDENTIAL
- SECURITY INFORMATION

Th~'ee views (1200 apart) of~ recovered 3115 AA Projectile Type
EX 1 Mod 0 (Typo A Modification). Projeetile No. 14+18 (muzzle
velocity 3363 Tt./sec.).

Figure 17



It y

NP9-o956 I July 1952 CONFIDENTIAL
SEbURTTY INFORMATION

Three views (1200 apart) of recovered 315 AA Projectile Type
EX 1 Mod 0 (Type B Modification). Projectile No. 1419 (muzzle
velocity 3365 ft./sec.).

Figure 18



NP9-5O957 1 July 1c)2 CONFIDENTIAL
SECURITY INFORMATION

Throe views (IP0O apart) of recovered 3715 AA Projectile Type
EX 1 Mod 0 (Type B Modification). Projectile No. 11+20 (muzzle
velocity 33)44 ft./sec.).

Figure 19



H~

!P9450958 1 July 1952 COINFrDENTIAL
SECURITY INFORMATIONThree views (1200 apart) of recovered 3'.'5 AA Projectile TypeEX I Mod 0 (Type B Modification). Projectile No. 14+21 (muzzleVelocity 3366 ft./see.).

Figure 20



"Ok

XF9-51562 22 December 1952 CONF'IDENTIAL
S]FC1flI1Y INFORMATIONThree views (1200 apart) off recovered 31.15 AA ProjectileT pe EPX 1 Mod 0. Projectile N:). 2013 (muzzle velocity31.08 fft./see.).

Figure 21



NP9-51563 22 December 1952 CONFIDMMNTIPL
SECIT1.1TY TIFORI-ATIONThree views (1200 apArt) of recovered 3"15 AA Projectile

Type EX 1 Mod 0. Projectile No. 2014 (muzzle velocity
3Figure 

22



NP9-5156L. 22 December 1952 CON];'II)NTIAT,
'ilr'ee views (1200 apart) of recoverod 37!15 AA ProjoctileType EX 1 Mod 0. Projectile No. 2015 (inuz~le velocity3403 rte/sec.).

1Pi~ira 23



NP9-51565 22 December 1952 CONFID)ENTIAL
SE'(,TJRCT~T INFOHMATION

Three views (1200 apart) of' recovered 3'115 AA Projectile

Type EX 1 Mod 0. Projectile No. 2016 (muzzle velocity

33 r t./sec.). Figure 2[4



NP9;-51566 22 December 1952 CON , InI;N1TTAL
SH-CURI'IY INF'ORIATIONThroo views (1200 apart) of' recovered 3U!15 AA Projectile

Type EX 1 Mod 0. Projectile No. 2017 (muzzle velocity

3396 b.1e~c.Figure 25



NP9-51955 29 December 1952 CONFIDENTIAL
SECURI 2Y INFORMATIONThree views (1200 apart) of recovered 3V15 AA Projectile ffiredwith two 0'J75 N-ylon Bands. Projectile No. 2019 (muzzle velocity

3377 t-/B ce~oFig~ure 26



4

jP9-51956 22 December 1952 %NPFTDF:TIAL.1 SECURITIY IN~FORMATION4Three views (1200 aart) of recovered 3U15 AA Projectile9 Urod with two 01,7 Nylon Bands. Projectile No. 2020
(muzi yFigure 27
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Roc~vcry and Rango Tost of 3915 &A ?rojoctiles in
3U15/67 Calibcr Gun, Type A Iod 0 S3ri1 No. 1

- ----------- - - - - - - - - - - - -

TABLE X

STAR GAUGE DTA

Calibor: 3U"15 Measurement Takcn from
Typo: A Muzzle Faco
Mod: 0
Gun No.: 1

X Y Distance x Y
183992 3V310 3310 359 3"153
183942 ,250 .248 30V .153
182"92 .208 .208 28. .153
182"i42 .178 .178 26" .153
181192 .157 .157 24". .153

Origin, 0. B. 181"42 .155 .156 22" .153
1"o fvd. 130',42 .155 .155 2021 .153

179"42 154 *154 18", .153
178".42 154 .154 16" .1531771"42 .154 .154 141 .153
1761,42 .154 .154 12" .153
175'1,42 .154 .154 10 .153
174",42 .154 .154 9". .153
17319142 .154 .154 8". .153
172,42 .154 .154 71. .153
171'J42 .154 .154 6'. U153
170J42 .154 .154 511 :153

12" ftd. 169942 .154 .154 4" .153
165" .153 30 .153
160" .153 2" .153
155', .152 1' .153
150. .153 Mluzzle .153
145"! .153
140'. .152
13 5 .152
13011 .152 Origin 3"155 3V156
125. .152 1" fwd. .155 .155
1." 152 12" fwd. .154 1 154
115V. .151
110" •151 Huzzlo .153 .153
105. .152 1. aft. .153 .152
1001 .152 12. aft. .153 .153

951.1- .152
90" .152
C,5" .152
I .152 Eq. Sor. Rounds: 20.3275" .152 Date: I July 1952
70"J .152 Small Diamotor! 3"151
65V .152 Distancos 115'O
,01. .152 Gaugod By. B. H. W.
551 .152
501. .152
45".1 .152
40" .152



CONFIDENTIAL !pG REPORT NO. 1122

Recovery and Range Test of 3V15 AA Pro'ctiles in
. 3"15/67 Caliber Gun, Type A Eod 0 Se rizal No. 1

~-- - - - - - - - - - - - - - - - - - - - - - - - --- ---

TABLE XI

STAR GIZGE DATA

Lands
Caliber: 3V15 Measurements Taken from
Typo: A Muzzle Face
Mod: 0
Gun No.: 1

Diltcang ' Y Distance x Y
183"92 3'310 3V308 35" 3"15o V3'.50
183"42 .250 .247 30" .151 .151
182992 .207 .208 28'.' .151 .150
182"142 .175 .177 26" .151 .150
181".92 .158 9158 24" .151 .151Origin, 0. B. 1831"42 .153 .152 22'2 .151 .151

1"0 18 0"42- .151 .151 20" .151 .151
179"42 .151 .151 18" .152 .151
178"j42 .151 .150 16" .152 .151
177"!42 .150 .150 141. .150 .150
176V.42 .150 .150 12'.' .150 .1511751.42 .150 .150 10. .150 .151
174"42 .150 .150 9" .151 .151
173"42 .150 .151 8" .151 .151172'.'42 .150 .150 7V •152 .151171"42 .150 .150 6"J .152 .151
170"42 .150 .151 5"0 .152 .15112"J0 169"42 .150 .150 4" .152 .150
1659V .150 .150 3'J .151 .151
16o. .151 .151 21. .151 .150
155" .150 .150 1" .151 .150
150.--- .150 .150 luzzle .151 .151
145. .150 .150
140". ,150 .150
135" .150 .150
130V .150 .150
125.1 .150 ,150
1201 .150 ,150 Eq. Ser. Rounds: 88.20
115'. .150 4150 Date: 13 August 1952
110 .150 .150 Small Diameter: 3149
1051 .150 .150 Distance: 65"
1001 .150 .150 Gauged By: A. Do Be

9511 .150 .150
a 0 . .150 .150

5,.1 .150 150
(01 .150 .150
751.1 .150 .150
7011 .150 .150
651.1 .150 .149
601' .150 .149
55'. .150 .149
50". .150 .149
4.511 .150 .1.49eo. ,, "1.150 .1, Q,.



CONFIDETTIIL . IIPG REPORT NO. 1122

Roc~very and Range Test of 315 AA Proiectiles in
3915/67 Caliber Gun, Type A Lod 0 Serial No. 1

STAR GAUGE DATA

Calibor: 315 Measurements Taken from
Type: A Muzzle Face
Gun No?: 1

X Y Distance X Y
183U92 39312 3;" 3'.'240
183'942 *250 301 i240
182992 .241 28"t .241
182"42 .241 26" ,241
181V92 9241 24" e241Origin O, B. 181U42 *241 22" .240

I.0 180"42 .241 20" *240
17?"42 *241 18" .240
17 "42 e241 16" .240
177"42 .241 14" .240
176942 .241 12" .240
175"j42 .241 10". .240
174"42 .241 2" .240
173942 .241 s" .240172"942 .241 7' .240
171" 42 .241 6. .240
170,42 .241 .24012"10 169",42 .241 4" .240
1651.' .242 3" .240
16OJ .242 2'. .240
155". .242 1.' .24,0
150 .242 Nuzzle .240
I145'1 .241
1402 .241
135" .241
130U .241
125' .241
120V .241 Eq. Sor. Rounds: 8820
115'J .241 Dato: 13 August 1953
110" .241 Small Dimeotor: 3V240
1059' .240 Distanco: 105"0
1009 .240 Gauged By: A. D B.95.' & .A ,o

90If .240
85"1 .240
80"1 .240
75"' .240--70-1.- . ..... .2-1-

65". @2416o. .240
55". .240
50" ,240
45U .240Z 0" .240



NI AG RZPOT IO. 1122

RocOvery and Range Test of 3215 Af Projectiles in
3"15/67 Caliber Gun, Type "- Lcd 0 Sr'ial No. 1

~~~~~~- - - - - - -- - - ---------------- ------------------------- - - -

TAR GAUGE DATA
Lands

Caliber: 3.15 Measurements Taken from
Type: A Luzzlo Face
Mod: 0
Gun No. : 1

X Y Distance x .y

183V92 3"310 3V310 35".' 39150 3V151
183"42 .251 .250 301 152 ;151182".92 .209 .208 28. .152 .152
132'42 .180 .179 26". .152 .152
181".92 .160 .159 24. .152 .151Origin, 0. B. e3"42 .155 .154 22" .152 1 .52

1"0 180142 .153 .153 20". 1.152 .152
179.42 v152 .152 18. .153 ,151
178942 .152 .152 16". *152 .151
177'J42 .152 .152 14'J. .152 ;152
176'.42 .152 .152 12". .153 .152
175*4Z-- .152 .151 101.' .152 .152
174"42 .152 .151 O. .152 .152
173942 .152 .152 .152 .152
172.42 .152 .151 7" .152 .152
171942 .152 .151 6" .152 .152
17042 .152 .151 5. .152 .15212' 169"42 .152 .1514 .152 .151
165". .152 .151 3.' .151 .151160. .152 .152 21.1 .152 .151
155. .151 .151 1. .152 .151150". .151 .151 Iluzzle .152 .152
145". .151 .151
140'. .15l .151
135" .151 .150
130o. .151 .150
12t- -  .151 .151120. .151 .151 Eq. Sor. Rounds: 105.53
115" .151 .151 Date: 2 January 1953110" .151 .151 Small Diameter: 3V150
105", .151 .151 Distance: 55"
100V .151 .151 Gaugod By: A. D. B.95" .152 .151

.152 .1510. .151 .151

80.. .152 .151
75" .151 .151
70" .151 .1i1
65 ". .151 .151
6o" .151 .151
55".. .151 .150
50'. .151 150
",51.! .151 .150



0iF iI' AL 4P 7 L0 1122

Rccbvory and Range Test of 3U15 LA Proicctilos in
3'15/67 Caliber Gun, Typo A od 0 Serial ITo. 1

T gLE My

STAR GAUGE DATA

Caliber: 3V15 Measurements Taken from
Type: A Muzzle Face
Mod: 0
Gun No.: 1

183V92 3"320 351 31242
-".42- .256 301 .242

182".92 .244 28" .243
182142 9244 26 .242
181"92 o244 24". .242

Origin, O. Be 181942 9244 22" .242
1'JO 180942 .244 20.' .242

171'e142 *244 18" .242
178"42 :243 16" .242
177"42 .244 14" ;242
176942 *244 12" .242
175"42 .244 10,. .242
174942 *244 9" .242
173 V42 .243 8" .242
172942 e243 7V .242
171,"42 .242 6" .242
170742 .242 5. .24212"0 169242 .242 4" .242
165", .244 3V .242
160". .244 2". .242
155" .243 1, .242
150!1 .243 Muzzle ,242
145". .243
140! .242
135" .242
130 .243
1259 .244
120" .243 Eq. Ser. Rounds: 105.53
115V .243 Date: 2 January 1952
110'0 .243 Small Diameter: 31.1042
105" .243 Distance: 171V42
100", .244 Gauged By: A. D. B.

951. .242
30. 242

511 .243
80". .243
751'' .242
70!. .242
65V .242
60! .242
55"1 .242
50" .242
451. .242
40 . .242



RecOvery and Range Test of 3"g AA Projectiles in
3V15/67 Caliber Gun, Type A 1!cd 0 Serial Yo. 1

- - - ~~~~~- - -a a - - -a ----------------------- - - -a a - -

TABLE, XV

STAR GAUGE DATA

Lando
Caliber: 3U15 Measurements Taken from
Type: A Muzzle Face
Mod: 0
Gun No.: 1

x Y Rjt 2 X .Y
183"92 3V309 3"309 35, 3V151 3V151
183142 .249 9248 30'J 151 .151
182"92 .208 .208 281J .152 .152
182"42 .178 .177 26v .152 '.152
181992 .160 .158 24" :152 .152

Origin, 0.B. 181"42 .155 .154 229 *152 9152
1i.'o 180",42 .153 .154 20LI .152 .152

179"42 .153 .153 18. .152 9152
17 142 .153 .152 16" .152 .152
177942 .153 .153 149 .152 .152
176.1.2 .153 .152 12". .153 ;153
175".42 .152 .152 10" .152, ;153
174942 .152 .152 2. .152 ;153
1731.242 .52 .1528 .153 .153
172942 .152 .152 7" .153 .153
171"42 e152 9152 6" .152 .152
170V42 .152 .152 5. .152 .152

12VO 1691-42 .152 .152 4" .152 ;152
1651 .152 .152 3'' .152 .152
16o ,152 .152 2V .152 ;152
155" .152 .151 1" .152 .152
150" •151 .151 Muzzle .152 9153
145i .151 .151
140", .151 .151
1352 .151 .151
130' .151 .151
125i .151 .151
120V .151 .151 Eq. Ser. Rounds: 156.53
115 .151 .151 Date: 19 January 1953
11O9 151 0151 Small Diameter! 3'151
105V .152 .151 Distance: 1559
100 _ .151 .151 Gauged By: B. H. W.

.51 .151
901.151 :.51

85V .151 .151
80. .152 151
75o. .151 .151
u .151 .151

6o .151 .151

5. .152 .151
5o"J .151 .151
. .11 .11

401. .151 ,151



UNCLASSIFIED I3 OR 110. 1122

Recavory and Range Test of 3V15 AA Projectiles in
3915/67 Caliber Gun, Type A -od 0 Serial No. 1

STAR DAUGE DATA

Caliber: 3V15 Measurements Taken from
Type: A Muzzle Face
Mod: . 0
Gti Not s I

RiAtancA x
183192 3V322 35V 32.244
183142 *257 30 .244
182V92 .244 28" .244
182142 .243 26", .244
181V92 9243 24"o .244

Origin O.E. 181142 .242 22L e244
1110. 180142- .242 20", s2441.7?742 0243 18v 9243

176 42 9243 161 &243
177942 e243 14V 9244
176v42 .242 12 .244,
175142 s242 10". ,244
17442 .243 9lo .244
173U42 e242 8 .244
17242 '0243 7V .243
171 42 .243 6. ;244
170U42 .243 511 243

120 169V42 .243 4,1 .243
165o .243 3V .242
1601 .243 2V .242
155 .243 1.1 .243
1500 .242 muzzle e242
1451 .242
1031 .242
1351 .2-42
130 *2 .1313051 e243* 120 .242 Ea. Ser. Rounds: 156.53
105 .2 2 Dates 19 January 1953
110V 0243 Small Diameterf 39242

-10514 *242 Distance: 181942
100 .242 Gauged By: A. D. B.
951 .242
09 6242
~59 . 242
80V .243
75 .242
z 0 .242 UNCLASSIFIED65 1 .2436011 .243

45". .244

40. .244



UNCLASSIFIED

-m n!?G lEPORT NO. 1122

RecOvory and Range Test of 3'15 AA Projectiles in
31.115/67 Caliber Gun, Type A Mod 0 Sorial Yo. 1

01 0 -dW M m . . . -0 -00 -W - -

WMro Impression Xothod of Deternining SDin

Two (2) screens are sat up 41'5 apart, each screen consisting
of a metal fra-mo T-ith wood inserts, holding an array of parallel
Squidistant vortical copper wires. The spacing of the vrrcs is
1/2" for the first screen and 3/4" for the second. The projoctilo
is fitted vith a flat-noscd dummy nose plug or the cquivalent
so that aftcr passing through the screens it boars two (2) sds of
impressions of the viros. The t.nglo betwicen the ttro (2) sots of
impressions is moasurod and from this mensurono nt the rifling of
the gun, tha mzzlo velocity and the velocity at the spin screens,
is computed the porcontgo of nominal spin. It is assumed that
over the short distances involved thc spin retardation is negligible.

VJ

UNCLASSIFIED

SFCTIRITY I ?!FOMrU.ATION APP?2NDIX D
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